D r a f t crop production. The first step in EMF cultivation is the production of host seedlings well-colonised 48 by the target species. The aim of this study was to compare the efficiency of vegetative versus spore 49 inoculum for controlled mycorrhizal synthesis between Lactarius and Pinus species native to China. 50 Inoculated seedlings were incubated in a glasshouse for up to 14 months. Mycorrhizae were 51 synthesised, using vegetative inoculum, for 13 distinct combinations of five Pinus and four Lactarius 52 species, 12 of these unprecedented. Spore inoculation was not successful. The successful 53 mycorrhization presented here provides a foundation for establishing mushroom orchards, with L.
54 deliciosus x P. yunnanensis or P. radiata, L. hatsudake x P. yunnanensis or P. tabuliformis, and L. yielded fruiting-bodies . 93 Until now, edible mycorrhizal fungi (EMF) have been almost exclusively harvested from the wild 94 (Wang and Hall 2004) . They provide a valuable food and income in many rural areas, and L. 95 deliciosus s. l. is no exception (Tomao et al. 2017 ). However, harvesting wild EMF may quickly 96 become unsustainable in a competitive economic environment, and can lead to severe 97 environmental issues such as over-harvesting and habitat damage (Hall et al. 2003) . This results in a 98 dramatic decline of mushroom yields, a loss of revenue for local communities, and can threaten the 99 survival of fungal populations or species. However, the cultivation of EMF, and integration with 100 myco-silviculture practices, has the potential to alleviate pressures on wild mushroom populations 101 and on the environment (Savoie and Largeteau 2011). As in many other food sectors, the cultivation 102 of commercially valuable species can increase overall production, in comparison to relying on natural 103 systems exclusively (Guerin-Laguette et al. 2017). Furthermore, research on EMF cultivation 104 advances the understanding of basic mushroom biology and ecology, which in turn can inform 105 conservation efforts aimed at protecting fungi in their natural environment, by defining appropriate 106 forest management methods. 107 Great progress has been made in the cultivation of EMF since the 1970s, when the development of 108 truffle cultivation based on the production of mycorrhizal seedlings began in Europe (Chevalier and Lactarius species and isolates used in this study were obtained from basidiomata purchased in 175 markets or harvested from natural sites (Table 1) . Whenever possible, specimen vouchers were 176 made and conserved at the Kunming Institute of Botany (KIB) herbarium (Table 1) 
246
About a fifth of the inoculated mixture in each vessel was then carefully taken (minimising breaking) 247 and applied directly to the top third part of the root systems of 6-to 18-week-old seedlings. (Table 2) . Replicate treatment and control seedlings were made for each of the 255 combinations tested (see Table 2 for replicate numbers). Seedlings in each series (i.e. inoculation The root systems of seedlings grown in containers were assessed for mycorrhiza formation and 302 insect activity at three times following inoculation, approx. 5-6, 8-9, and 11-14 months after 303 inoculation ( Table 2 ). The dates of the assessments differed since they depended on the inoculation 304 date for each series. However, the third and last assessment was performed in early Table 1 ) 335 were aligned and compared with reference sequences BLAST and confirmed to be target species. (Figures 1 and 2) . 356 The colonisation rates were 'High' for all combinations tested, as illustrated in Figures 1 and 2 (Figure 1f ). Mycorrhizae were successfully produced in all replicate seedlings of eight host/isolate 360 combinations out of the thirteen tested ( Table 2 ). The following five combinations had some 361 replicate seedlings that failed to form mycorrhizae: P. tabuliformis x L. akahatsu LA-QP and P. (Table 2) . At the last assessment, 2.5 months after the start of the insecticide treatment, 380 only 14 seedlings had fresh Lactarius mycorrhizae ( Insect feeding on roots and mycorrhizae 404 At the first assessment, 5 to 6 months following inoculation, along with the fresh, active mycorrhizae 405 described above, insect damage was observed on both mycorrhizae and roots (Figure 3 (Table 2) . Insect feeding eliminated all fresh Lactarius mycorrhizae from the first series of seedlings 413 that were inoculated in early December 2015 (Table 2) . Furthermore, symptoms such as yellow 414 needles 5 were apparent across treatments, with P. yunnanensis appearing to be the most affected. 415 Of the 38 seedlings (28%) that died by the second assessment, 28 were of P. yunnanensis, five of P. Adult insects found on the root systems were not identified to species level but Collembola spp. 425 were easily recognised by morphology and were commonly encountered (data not shown). Live 426 fungus gnat larvae were detected on four mycorrhizal seedlings, two P. radiata x LD-74, one P.
427 radiata x LV-115, one P. yunnanensis x LH-122 (Figure 3i ), and one P. radiata control (Figure 3l) . 428 Larva morphology was characteristic of Bradysia impatiens (Figure 3k ; Ye et al. 2017 may reflect the natural association of this species with Picea spp. at high elevation (Wang 2016) . 454 In nursery containers using vegetative inoculum, L. deliciosus had the highest incidence of 455 mycorrhiza formation of any of the species tested (100% of inoculated seedlings), followed by L.
456
vividus (83%), L. hatsudake (70%) and L. akahatsu (40%). More work is required to determine 457 whether these differences could be attributed to the Lactarius species used. Our latest results using 458 modified potting mixes and growing conditions tend not to support this hypothesis. Indeed, they 459 showed that the nutrient medium used in the present study, originally designed for L. deliciosus the only association not to produce any mycorrhizae (Table 2 ) despite the viability of the inoculum 471 produced. We cannot rule out the possible incompatibility between these two species or, at least, 472 between the fungal isolates and pine varieties used. This is the first comprehensive attempt to 473 synthesize mycorrhizae using several Chinese species of Lactarius sect. Deliciosi and Pinus. 474 Additional research is required to test the stability, over time, of some of these associations in 475 nursery and field conditions. Previous success was reported in China for one association that was not 476 attempted here: P. massoniana x L. hatsudake (Tang et al. 2008 ). (Figures 1 and 2) . Mature L. hatsudake mycorrhizae appeared more frequently less vivid 481 orange than mycorrhizae of the other three species, and slightly greenish (Figure 1f ). Occasional 482 differences were also seen, e.g. green rhizomorphs for L. hatsudake (Figure 1k ), but no other 483 conspicuous morphological differences between species could be found. A high rhizomorph density 484 was observed in several cases (Figure 1g and 2h) , indicative of an exploration type of extra-matrical 485 mycelium (Weigt et al. 2012 ).
486
Our attempt at synthesising mycorrhizae from spores failed in this study. We aimed to monitor the 487 outcome of spore inoculation over a longer time, but from 8 to 9 months following inoculation the 488 infestation of fungus gnat larvae gradually killed spore-inoculated and mycelial-inoculated seedlings. 
532
To the best of our knowledge, this is the first report of the extensive physical damage caused by the 533 feeding on ectomycorrhizae by insects. Despite their putative negative impacts on plant yield and 534 health, there is little work detailing the below-ground herbivory by insects (Hunter 2001) . In this 535 study, we observed that grazing insects can feed on ectomycorrhizae and roots of pines. We 
